Introduction
Previously, the authors of the present work published a report on a mathematical description of the change in the annual production rate of crude steel for different countries based on a logistic transformation procedure using data from the calendar years between 1900 and 2005. 1) According to the previous report, it is clear that the relationship between the annual production rate of crude steel and calendar year can be expressed as a mathematical equation. In the previous report, the annual production rate of crude steel for different countries was predicted for the 2010 calendar year. The prediction used the hypothesis that the crude steel production rate is growing each year. However, a global financial crisis was generated in 2008. The subject of this study is the prediction of the production rate after the 2008 calendar year.
The same data used in the previous study are used again, and the following geographical regions are included: the entire world, Japan, Canada, USA, EU-15, Great Britain, Germany, CIS, Korea, P.R. China, Brazil and India. EU-15 (European Union-15) includes the following countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, the Netherlands, Portugal, Spain, Sweden and the United Kingdom. CIS (Commonwealth of Independent States) generally consists of Armenia, Azerbaijan, Belarus, Georgia, Kazakhstan, Kyrgyzstan, Moldova, Russia, Tajikistan, Turkmenistan, Ukraine, and Uzbekistan. Statistical data for crude steel production rate were obtained from a published source.
2)

Procedure for Logistic Transformation
The procedure of logistic transformation is as follows: In Eq. (1), annual production, Y n , is transformed to a dimensionless production, P n , and the sequence number of the data is denoted by n, as follows: (1) where Y max is the maximum production in the sequence of the data. If the relationship between P n and calendar year, X n , has a logistic relation, the relationship can be described by Eq. (2): (2) where b and g are constants. The value of P n /(1ϪP n ) in Eq. (2) must always be positive. To keep (1ϪP n ) greater than zero for extrapolation to future years, a value of 2Y max was selected for the denominator of Eq. (1). In the previous report, 1) data before the 2005 calendar year were used, so that Y max is the maximum production rate before 2005. In this report, data before the 2007 calendar year are used. However, the maximum production rate Y max is the same before and after 2005. The relationship between P n /(1ϪP n ) and X n is regressed as a linear function to determine the value for b and g in Eq. (2) .
As an example, graphical representation of the relationship between ln P n /(1ϪP n ) and X n for the entire world is shown in Fig. 1 . This figure shows that the relationship consists of several straight lines. Because the figures for different countries have similar straight lines, the figures for different countries are omitted in this paper. Figure 1 suggests that the relationship between ln P n /(1ϪP n ) and X n is represented by not only one straight line but plural lines: namely, there are plural pairs for b and g for one country. 
Prediction Procedure for the Production Rate after the 2007 Calendar Year
The prediction stands on the basis of an empirical relation that almost each pair of straight regression line has mirror symmetry and the mirror surface of the symmetry is located at the joining point of two regression lines.
It can be assumed that the production rate in 2007 is a peak value because the rates between 2001 and 2007 was increasing and the global financial crisis began in 2008. The mirror surface for the symmetry is located in 2007. If the relationship between the logistic transformation and calendar year can be described by Eq. (2), the relationship between the logistic transformation of predicted annual production, P n Ј and calendar year, X n , can be described as Eq. where e is a constant.
First, the value for b is determined by the regression for Eq. (2) by using data between 2001 and 2007. Then, the value for e in Eq. (3) is determined by using the b value. The relationship between the logistic transformation for predicted dimensionless production, P n Ј, and calendar year, X n , can be expressed as Eq. (4). 
Results and Discussion
To obtain the b value for Eq. (4), data just before the 2007 calendar year are regressed. The regressed results are shown in Table 1 . Coefficient of determination, R 2 , is shown in the Table 1 . The coefficients of the determination show that the regressed production is a good representation of the actual production. On the basis of the equations in Table 1 , the mirror symmetry straight lines for prediction are determined. Y max and Y 2007 are shown also in the Table 1 in order to obtain the e value. The obtained equations for the straight lines are listed in Table 2 . On the basis of the equations in Table 2 , the equations for the predicted annual production rates of crude steel after 2007, Y n Ј, are determined. The determined equations are listed in Table 3 . The error ranges mentioned in the Table 3 were the maximum difference between real production and regressed production.
Graphical representations of the change in real production, as well as the predicted production for entire world, Japan and P. R. China are shown in Fig. 2 as an example of comparison between real production and predicted production. Numerical values of the predicted production rates in the 2010 and 2015 calendar years are listed in Table 4 .
If the economic condition changes to a good condition after 2010 or 2015 calendar years, a new straight line with a positive sign b will appear again. It is estimated that the new straight line has the mirror symmetry of the previous straight line. One can estimate a production rate by using the new straight line. However by using the prediction procedure, it is impossible to know a year when the positive sign b can be obtain again. Table 4 . An example of predicted annual production rate of crude steel after financial crisis by the equations on Table 3 (10 6 t/year). 
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Fig. 2.
Real and predicted production rates of crude steel for some countries.
